Primary systemic hypertension affects 10%-25% of individuals presenting for surgery and anaesthesia and constitutes an important cause of cancellation of elective surgeries. Much of the fear stems from the fact that hypertension may lead to adverse perioperative outcomes. Although long-standing hypertension increases the risk of stroke, renal dysfunction or major adverse cardiovascular events, the same is usually not seen in the perioperative period if blood pressure is <180/110 mmHg and this has been the overriding theme in the recent guidelines on perioperative blood pressure management. Newer concepts include isolated systolic hypertension and pulse pressure hypertension that are increasingly used to stratify risk. The aim of this review is to focus on the adult patient with chronic primary systemic hypertension posted for elective non-cardiac surgery and outline the perioperative concerns.
INTRODUCTION
Primary systemic hypertension is defined as persistent (average of 2 or more readings on 2 or more occasions) systolic blood pressure (SBP) >140 mmHg and/or diastolic blood pressure (DBP) >90 mmHg in adults, in the absence of any known precipitating cause. [1] With changing lifestyles and an increasing older population, anaesthesiologists are likely to encounter more patients with comorbid illnesses presenting for elective surgery. In the US, hypertension accounts for >30% of individuals >20 years, with increasing prevalence in older individuals (50% of individuals aged > 65 years) and a slight male:female preponderance. [2] In India, the prevalence of hypertension is 28%-32% in the urban population and 27.6% in the rural population. [3] Hypertension being mostly asymptomatic, there is an increased probability of diagnosing it during a routine pre-operative assessment. Data from western countries reveal that the incidence of hypertension in pre-operative patients ranges from 10% to 25%. [4] Secondary hypertension is when the elevations in blood pressure can be attributed to a known cause, such as pregnancy-induced hypertension, coarctation of aorta, renal artery stenosis or phaeochromocytoma, and is outside the scope of this review.
Articles used as references in this review were searched using a combination of the following terms in the MEDLINE: systemic hypertension and non-cardiac surgery; systemic hypertension and perioperative complications OR outcomes; systemic hypertension and anaesthesia OR anesthesia; hypertensive emergencies AND anaesthesia OR anesthesia. Searches were limited to articles in English.
CLASSIFICATION OF HYPERTENSION
Various stages/grades of blood pressure have been defined in several guidelines for risk stratification and management [ Table 1 ]. [1, 5, 6] Recent guidelines do not however consider the universal definition of blood pressure >140/90 mmHg in all adults to determine the initiation of antihypertensive therapy. [6] The 8 th report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of high blood pressure suggests that antihypertensive treatment should be initiated in older individuals >60 years if the blood pressure is >150/90 mmHg with a goal of reduction to <150/90 mmHg; whereas in younger individuals aged 18-59 years, antihypertensive treatment should be initiated if the blood pressure is >140/90 mmHg with a goal to reduce the pressure below this level. [6] These recommendations have not been universally accepted by other societies such as the American Heart Association which are due to come out with their own guidelines very soon. However, most of these guidelines are for ambulatory blood pressure management in the community with very few devoted specifically to perioperative high blood pressure management.
PERIOPERATIVE CONCERNS
For the anaesthesiologist, there are two main concerns: Should the diagnosis or detection of hypertension lead to further testing and/or postponement of the planned surgery and if surgery does proceed, what would be the expected outcome of the patient's perioperative journey? Although long-standing hypertension is a major risk factor for stroke, myocardial infarction, congestive heart failure, renal and peripheral vascular disease, it is less clear whether elevated blood pressure constitutes an increased perioperative risk; [7] and yet, uncontrolled hypertension constitutes a major reason for cancellation of elective surgeries. [8] A thorough understanding of the disease process, its influence on perioperative outcomes and knowledge of best evidence and practice is imperative to facilitate decision-making and optimise the management of such patients presenting for elective surgeries.
IMPACT OF CHRONIC HYPERTENSION ON ORGAN FUNCTION Cardiovascular system
Chronic hypertension leads to loss of arterial elasticity and compliance, and both smaller arterioles and larger conduit arteries are affected. In addition, the arterial stiffening leads to widening of the pulse pressure i.e., increased difference between the SBP and DBP, due to systolic pressure summation and loss of diastolic augmentation. [9] The augmented systolic pressures impose an increased afterload on the heart which results in compensatory hypertrophy of the myocardium to minimise the wall stress (Laplace's law). Loss of diastolic augmentation leads to decreased coronary perfusion since coronary perfusion pressure is equal to the difference of the DBP and the left ventricular end-diastolic pressure. Therefore, not only the myocardial oxygen demand is increased due to myocardial hypertrophy, but the supply is also reduced due to decreased coronary perfusion, especially the sub-endocardial perfusion which chiefly takes place during diastole. [9] Untreated chronic hypertension may lead to myocardial ischaemia and/or infarction. [9, 10] Ultimately, both diastolic and systolic performance of the left ventricle decline over time and may result in congestive heart failure. [9, 10] A subset of patients with diastolic dysfunction may progress to isolated diastolic heart failure with preserved left ventricular ejection fraction. Even asymptomatic diastolic dysfunction is associated with a greater risk for adverse cardiovascular events following high-risk surgery. [9] Hypertension is also associated with diabetes, dyslipidaemia and obesity which are known risk factors for the development of coronary artery disease. [10] Cerebrovascular system Hypertension is a risk factor for ischaemic and haemorrhagic brain injury. [2] Abrupt increases in the blood pressure can lead to stroke due to intracerebral bleed. There may be luminal narrowing of carotid arteries due to atherosclerosis which may lead to flow insufficiency. In addition, because the auto-regulation shifts to the right in hypertensives, any degree of hypotension would reduce the cerebral blood flow leading to worsening of cerebral ischaemia. Studies have shown a history of stroke to be a predictor of adverse perioperative cardiovascular events. [11] Renal system Chronic renal insufficiency is a common sequelae of hypertension and leads to a decrease in the performance of kidneys. In the revised cardiac risk index, a pre-operative serum creatinine >2.0 mg/dl is identified as an independent factor that predicts increased cardiovascular risk. [12] 
DOES HYPERTENSION INCREASE THE PERIOPERATIVE CARDIOVASCULAR RISK IN A PATIENT UNDERGOING SURGERY?
Given the fact that there is a linear association between hypertension and cardiovascular risk in the community, the same association should be expected to naturally extrapolate to the perioperative scenario, more so, since there are profound haemodynamic perturbations due to the stresses of anaesthesia and surgery. Surprisingly, however, there is no clear evidence that hypertension, in itself, constitutes a major risk factor for adverse perioperative cardiac events or stroke in the adult population undergoing elective non-cardiac surgery.
Howell et al. [7] performed a meta-analysis to evaluate the effect of hypertension on composite 30-day perioperative adverse cardiovascular events following surgery. Although the odds ratio for an adverse cardiovascular event in the analysis was 1.31 which was statistically significant, more importantly, this was not deemed to be a clinically significant finding. The findings were further tempered by the fact that there was much heterogeneity of the included studies. Thus, the authors concluded that there is very little evidence of admission blood pressures <180/110 mmHg causing any adverse perioperative complications. In other words, there is little benefit to be obtained by deferring or cancelling elective surgeries if the blood pressure is <180/110 mmHg.
There appears to be a small increase in the incidence of perioperative major cardiovascular adverse events in the presence of hypertension with organ damage, or with blood pressure >180/110 mmHg, but it is not clear whether postponing surgery to reduce blood pressure reduces the rate of this complication. [7] Weksler et al. [13] studied 989 treated chronic hypertensives scheduled for elective non-cardiac surgery, with DBP of 110-130 mmHg on day of surgery, but without any evidence of target organ damage or disease such as previous myocardial infarction or history of coronary revascularisation, unstable or severe angina pectoris, left ventricular hypertrophy, renal failure, aortic stenosis, pregnancy-induced hypertension, any active cardiac conditions or stroke.
Patients were randomised into control and treatment arms; the control group had their surgery postponed and remained in hospital to optimise blood pressures before surgery whereas the treatment group received 10 mg of intranasal nifedipine and proceeded to surgery. The frequency of perioperative hypotension, hypertension, brady-and tachy-arrhythmias was similar between the two groups, and there was no cardiovascular or neurological complication in either group. [13] Although the study drew several criticisms including absence of blinding, prolonged study duration (>9 years) and no evaluation of systolic hypertension, it implies that patients without evidence of significant co-existing cardiovascular disease can be taken up for surgery even with elevated blood pressures on the day of surgery.
The American College of Cardiology and the American Heart Association list 'uncontrolled systemic hypertension' as a minor predictor that has not been shown to independently increase perioperative risk. [14] Similarly, recent guidelines from the Association of Anaesthetists of Great Britain and Ireland and the British Hypertension Society state that in the absence of organ damage, blood pressure <180/110 mmHg does not warrant cancellation or deferment of elective cases in an attempt to optimise the blood pressure. [15] The recommendations of the guidelines are as follows: [15] a. If the documented blood pressure in primary care is <160/100 mmHg with or without optimal antihypertensive treatment in the last 1 year, then further measurements and assessments need not be performed in the pre-anaesthetic clinic (PAC) b. In case no documented blood pressure readings are available, then blood pressure can be measured in the PAC. Any measured blood pressure <180/110 mmHg without evidence of organ damage can be cleared for surgery without the need for further assessment. Evidence of organ damage includes electrocardiography (ECG) changes, a history of transient ischaemic attacks and/or stroke or raised serum creatinine. Additional testing is rarely required (e.g., echocardiography) unless the patient is undergoing a high-risk surgery such as vascular surgery c. The higher allowable blood pressure measured in PAC is because many patients can develop 'white coat' hypertension in stressful surroundings. In addition, it takes years and decades of blood pressure control to reduce target organ damage and there is no evidence that acute perioperative reduction of blood pressure confers any advantage in reduction of adverse cardiovascular events beyond 1 month in primary care.
The guidelines are less clear as to what to do with patients with blood pressures of >180/110 mmHg or those with evidence of organ damage, obviously because there is a paucity of studies exploring such high blood pressures and perioperative outcomes. The guidelines suggest that due to limited evidence, the decision to proceed with surgery in this subset of patients should look at other factors such as associated comorbidities, functional class of the patient and urgency of the surgery. [15] Much of the thinking that hypertension is associated with adverse perioperative outcomes comes from a study by Prys-Roberts et al., [16] wherein they demonstrated increased cardiovascular lability and greater risk of perioperative myocardial ischaemia in patients with poorly controlled hypertension. It is important to understand that most of the patients in their study had blood pressure consistent with Stage 3 hypertension. In fact, hypertension during that period was classified by virtue of DBP i.e., DBP >95 mmHg. Normotensive patients in the Prys-Roberts study, [16] would currently fit into Stage 1 and 2 hypertension. Studies in Stage 1 and 2 hypertensive patients show that there is no association between admission blood pressure and perioperative cardiac risk, [17, 18] and this is the spectrum of patients that anaesthesiologists are mostly going to encounter in their practice.
An important sub-type of primary hypertension is isolated systolic hypertension. Isolated systolic hypertension is defined as SBP >140 mmHg with DBP <90 mmHg, in adults, in the absence of any other factors and is the most common sub-type of elevated blood pressure in >2/3 rd of individuals >50 years. [1, 6] DBP plateaus off by the 5 th decade, and elevated SBP or a wide pulse pressure >80 mmHg may be more important risk factors for the development of adverse cardiovascular outcomes, including congestive cardiac failure, higher incidence of fatal and non-fatal strokes, coronary artery disease and renal dysfunction. [7, 9, 19] Primary hypertension must be differentiated from 'white coat hypertension', which is a physician measured blood pressure of >140/90 mmHg when in fact the individual is normotensive (average blood pressures <135/85 mmHg) and is due to environmental stress. [20] An increased incidence of silent myocardial ischaemia has been seen in patients with 'white coat hypertension' and is thought to justify treatment with antihypertensive medications, [21, 22] though other studies have shown that the long-term rate of complications in patients with 'white coat hypertension' is no different than that of normotensives. [23] 
PRE-OPERATIVE EVALUATION
Given the fact that hypertension may be mostly silent and first detected in the PAC, a blood pressure of <180/110 mmHg in a patient scheduled for non-cardiac surgery and without evidence of organ damage should not constitute a ground for referral, postponement or cancellation of same-day surgery. If investigations such as ECG or serum creatinine are not available, it may be prudent to consider obtaining and evaluating the same before proceeding for surgery.
If the pre-anaesthetic check-up occurs a few days before planned surgery, the primary detection of raised blood pressure (>140/90 mmHg) represents a unique opportunity to initiate antihypertensive treatment in this subset of patients, though it is not clear whether such short-term treatment confers any advantage in reducing perioperative adverse cardiovascular events. The need for advanced cardiac testing would probably be considered in the presence of poor or unknown functional class, risk posed by surgery or presence of associated comorbidities (diabetes mellitus, renal dysfunction), which increase the risk for coronary artery disease.
The mainstay of treatment is antihypertensive drugs, which apart from reducing blood pressure also induce reverse remodelling of the left ventricle, such as regression of left ventricular hypertrophy, and confer long-term survival benefits.
[24] The main class of drugs include angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs), diuretics and β-blockers.
Guidelines exist on how to initiate and maintain antihypertensive therapy, and interested readers may refer these guidelines for a more detailed description.
[24] Briefly, patients <55 years should be started on ACE inhibitors or a low-cost ARB (if ACE inhibitor is not tolerated or contraindicated).
[24]
Combination of these two agents should be avoided. The much-feared risks of intraoperative hypotension may be more prevalent in patients with heart failure and those receiving combination therapies with other antihypertensives, [25] and current literature suggests continuing ACE inhibitors even perioperatively, especially if started for hypertension. [25] [26] [27] Patients >55 years should be offered a calcium channel blockers (CCB) or a thiazide diuretic if CCBs are not tolerated (e.g., oedema, heart failure or at risk for heart failure). CCBs can be safely continued up to the morning of surgery without significant risk of hypotension.
[24] Caution should be exercised, however, in patients who have heart failure or are hypovolaemic.
Diuretics may also be continued into the perioperative period, especially in patients who are diuretic dependent (e.g., heart failure).
[24] Patients on diuretics may have hypokalaemia. Correction of potassium should be attempted over 24-48 h as rapid correction can precipitate arrhythmias due to increased transmembrane potassium gradients. [28] β-blockers are no more the preferred initial therapy for hypertension and are mainly reserved for younger patients in whom there is intolerance or contraindication to ACE inhibitors or ARBs, in women of child-bearing potential, or in those patients with evidence of increased sympathetic drive.
[24] There is increased recognition that much of the evidence for cardioprotection with β-blockers may have been overstated since it was mainly seen in high-risk patients undergoing vascular surgery [29] and also possibly due to data fabrication. [30] Results from the POISE trial showed that though myocardial protection was better with β-blockers, there was a greater incidence of all-cause mortality and stroke if this was started acutely perioperatively. [31] This may be due to the fact that the hypotensive effect of untitrated doses might be worsened due to anaesthesia, blood loss and profound inflammation that occur during surgery. Furthermore, different β-blockers behave differently as was demonstrated in the COMET trial where mortality was reduced with carvedilol compared with metoprolol in patients with chronic heart failure. [32] ANAESTHETIC MANAGEMENT OF THE HYPERTENSIVE PATIENT Haemodynamic swings are more common and exaggerated in hypertensive patients as compared to normotensives. Rightward shift of auto-regulation in hypertensive patients means that organ perfusion occurs at higher mean arterial pressures as compared to normotensives, and thus, intraoperative hypotension leads to hypoperfusion and target organ damage during hypotension. [9] A retrospective study has found that intraoperative hypotension, but not hypertension, is associated with a higher mortality in hypertensive patients undergoing non-cardiac surgery. [33] Even short periods of hypotension (mean arterial pressure <55 mmHg) have been associated with myocardial and renal injury after non-cardiac surgery. [34] This is not to imply that hypertensive surges should not be treated as Charlson et al., [35] have shown that hypertensive patients and diabetic patients who had a cumulative 1 hour decrease in mean arterial pressure >20 mmHg or <1 hour decrease of >20 mmHg and >15 minutes increase of >20 mmHg were at greatest risk for post-operative adverse events. Common causes of perioperative hypo and hypertension are listed [ Table 2 ]. [36] No anaesthetic is superior to another though sevoflurane has been reported to confer cardioprotection and better haemodynamic stability as compared to propofol. It is important to maintain an adequate depth of anaesthesia with monitoring such as bispectral index or end-tidal minimum anaesthetic concentration that allows appropriate titration of anaesthetic agents. Similarly, for spinal/ epidural anaesthesia, one must avoid precipitous and sudden fall of blood pressure. In general, since the lower limit of safe blood pressure in hypertensive patients is unknown, it is advisable to keep the blood pressure within 20%-30% of baseline values. [37] Although not specifically evaluated in hypertensive patients, where possible, supraglottic airway devices such as laryngeal mask airway and its prototypes may be used because of less haemodynamic perturbations compared to laryngoscopy and intubation. Hypertensive surges more >20% from baseline are associated with adverse outcomes [15] and should be urgently treated with the goal of blood pressure reduction. Initial management should be to increase the depth of anaesthesia and give additional analgesics; however, if this fails to resolve the hypertensive surges, then drugs that modify the vascular system may be used to reduce the blood pressure [ Table 3 ], [36, 38] with the goal being not >20%-25% reduction within the [9] Transesophageal echocardiography is an excellent tool to differentiate the cause of intraoperative hypotension, but routine use is not indicated presently in patients, including hypertensive patients undergoing non-cardiac surgery. Modalities which seek to evaluate oxygen consumption and hence oxygen utilisation such as near-infrared spectroscopy (NIRS) or mixed venous oximetry have largely not been evaluated in this subset of patients. [9] It would be interesting to see whether NIRS can be used to define limits of auto-regulation in organs at risk such as brain and kidneys in hypertensive individuals.
CONCLUSION
Hypertension is a modifiable risk factor for cardiovascular diseases and outcomes, and the same is true of the patient presenting for surgery. Greater understanding of the disease process and the fact that anaesthesiologists have better drugs and monitors at their disposal to treat and evaluate the effects of such treatment has pushed the envelope continuously as to what constitutes a blood pressure which warrants cancellation of elective non-cardiac cases. It is not merely the elevated blood pressure values, but what these values do to organs is what constitutes risk. A diabetic patient may be at a greater risk of myocardial dysfunction with intraoperative blood pressures of 150/90 mmHg than an individual without any risk factors. Therefore, it is important to be careful but not necessarily fearful, as care improves patient outcomes whereas fear results in unnecessary delays and case cancellations.
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